Unsteady hydromagnetic Couette flow of a viscous, incompressible and electrically conducting fluid between two infinitely long parallel porous plates, taking Hall current into account, in the presence of a transverse magnetic field is studied. 
Introduction
Theoretical/experimental investigation of unsteady hydromagnetic Couette flow in the presence of a transverse magnetic field is significant from a practical point of view because fluid transients may be expected at the start-up time in so many MHD devices viz. MHD pumps, MHD generators, MHD accelerators, MHD flow meters, nuclear reactors using liquid metal coolant etc. Katagiri (1962) studied unsteady hydromagnetic Couette flow of a viscous, incompressible and electrically conducting fluid in the presence of a uniform transverse magnetic field when the fluid flow within the channel is induced due to impulsive movement of one of the plates of the channel. Muhuri (1963) analyzed this problem in a parallel plate porous channel when the fluid flow within the channel is induced due to uniform accelerated movement of one of the plates of the channel. In their problem Katagiri (1962) and Muhuri (1963) considered that the magnetic lines of force are fixed relative to the fluid. Singh and Kumar (1983) studied the problem considered by Katagiri (1962) and Muhuri (1963) in a non-porous channel when the magnetic lines of force are fixed relative to the moving plate. It may be noted that the study of hydromagnetic flow within a porous channel may find application in designing of cooling systems with liquid metals, geothermal reservoirs, underground energy transport, petroleum and mineral industries, in purification of crude oils etc. Prasad Rao et al. (1982) , Makinde and Chinyoka (2001) , Makinde and Osalusi (2006) , Abbas et al. (2006) , Attia (2007) , Hayat et al. (2007 Hayat et al. ( , 2008 , Khan et al. (2009) and Seth et al. (2011) studied hydromagnetic flow within an infinitely long parallel plate channel with porous boundaries considering different aspects of the problem. In all these investigations, effects of Hall current are not taken into account. It is well known that, in an ionized fluid where density is low and/or magnetic field is strong, the effects of Hall current become significant as stated by Cowling (1957) since Hall current induces secondary flow in the flow-field. Hall current on the fluid flow have many applications in MHD power generation, nuclear power reactors, underground energy storage systems, and in several areas of astrophysical and geophysical interest. Jana and Dutta (1977) investigated effects of Hall current on unsteady MHD Couette flow within a non-porous channel when the magnetic lines of force are fixed relative to the fluid. Bhaskara Reddy and Bathaiah (1982) studied effects of Hall current on MHD Hartmann flow through a porous channel.
The purpose of the present investigation is to study the effects of Hall current on unsteady hydromagnetic Couette flow of a viscous, incompressible and electrically conducting fluid within an infinitely long parallel plate porous channel in the presence of a uniform transverse magnetic field. Fluid flow within the channel is induced due to impulsive movement of the lower plate of the channel and magnetic lines of force are fixed relative to the moving plate of the channel. Present study may find applications in hybrid MHD energy generators, material processing in petroleum, metallurgy and mineral industries, geophysical and astrophysical problems of interest etc.
The paper is organized as follows: In Section 2, formulation of the problem and its solution is given. In Section 3, the expression for shear stress at the moving plate is mentioned. In Section 4, asymptotic solutions for small and large values of time t are provided. In Section 5, i.e. in Results and Discussion, the behavior of the primary and the secondary velocities and the nondimensional shear stress at the moving plate due to the primary and secondary flows with respect to various values of the Hall current parameter m , magnetic parameter 2 M , suction/injection parameter S and time t are discussed. The present results are compared with available results of Seth et al. (2011) and Singh and Kumar (1983) and are found to be in good agreement. Finally in Section 6, conclusions of the present study are provided.
Formulation of the Problem and its Solution
Consider unsteady flow of a viscous, incompressible and electrically conducting fluid between two parallel porous plates at 0 z = and z h = of infinite length, in x and y-directions, in the presence of a uniform transverse magnetic field 0 H applied parallel to the z-axis (See Fig. 1 ). Initially (i.e. when time 0 t′ ≤ ), the fluid and plates of the channel are assumed to be at rest. At time 0 t′ > the lower plate at 0 z = starts moving with uniform velocity 0 U in the x-direction while the upper plate at z h = is kept fixed. The fluid suction/injection takes place through the porous plates of the channel with uniform velocity 0 W ( 0 0 W > for suction and 0 0 W < for injection). It is assumed that the no applied or polarization voltage exits so that the effects of polarization of the fluid is negligible (i.e. the induced electric field 0 E = r ) and the induced magnetic field produced by fluid motion are neglected in comparison to applied one (Cramer and Pai, 1973) . Since the plates are of infinite extent in the x and y -directions, all physical quantities, except pressure, depend on z and t′ only. 
where u′ and v′ are fluid velocity in x-direction and y-direction respectively. Under the above assumptions, the governing equations for the fluid motion are given by
where , , , , , e ee e m υ σ ρ μ ω τ ω = and e τ are the kinematic coefficient of viscosity, the electrical conductivity of the fluid, the fluid density, the magnetic permeability, the Hall current parameter, the cyclotron frequency and the electron collision time respectively. The initial and boundary conditions for fluid flow are given by 0 (2) is valid when the magnetic lines of force are fixed relative to the fluid. On the other hand, when the magnetic lines of force are fixed relative to the moving plate (Rossow, 1958) , equation (2) 
Equations (3) and (7) are presented in the compact form as
where q u iv ′ ′ ′ = + , and 1 i = − . The initial and boundary conditions (4) to (6), in compact form, become 
( 1 5 ) Applying the Laplace transform, equation (12) 
Taking the inverse Laplace transform of equation (19), we obtain ( ) 
Solution (20) (20) is in agreement with the solution obtained by Seth et al. (2011) . In the absence of Hall current and suction/injection (i.e. 0 S = ), it agrees with the solution obtained by Singh and Kumar (1983) . 
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Asymptotic Solutions
To gain physical insight into the flow pattern, we now discuss the asymptotic behavior of the solution (20) 
( 1 ) 
From the expressions (25) and (28) (25) developed. This implies that suction/injection reduces the time of decay of inertial oscillations in the major part of the unsteady state flow whereas Hall current increases the time of decay of inertial oscillations in both the parts of the unsteady state flow. In the absence of Hall current, there are no inertial oscillations in the flow-field.
Results and Discussion
To study the effects of Hall current, magnetic field, suction/injection and time on the flow-field, the numerical values of the primary velocity j u and the secondary velocity j v , computed from the analytical expression (20) The numerical values of the non-dimensional shear stress at the moving plate due to primary and secondary flows, computed from the expression (22) mentioned in Section 3 by MATLAB software, are presented in tabular form in Tables 1 to 3 for various values  of   2   , , m M S and t . To compare our results with that of existing results of Seth et al. (2011) and Singh and Kumar (1983) This implies that injection tends to reduce the secondary shear stress at the moving plate at each time level whereas suction tends to reduce it when 0.05 t ≤ . Secondary shear stress at the moving plate increases with passage of time at each time level in case of suction. It is seen from Table 4 that our results are found to be in good agreement with the results obtained by Seth et al. (2011) and Singh and Kumar (1983) . Hartmann boundary layer. The steady state flow represents spatial oscillations in the flow-field excited by the Hall current, the magnetic field and suction/injection, whereas the unsteady flow exhibits inertial oscillations in the flow-field excited by Hall current and magnetic field. 3. Hall current tends to retard fluid flow in the primary flow direction throughout the channel and fluid flow in the secondary flow direction in the upper half of the channel. It has the reverse effect on the secondary flow in the lower half of the channel. 4. Magnetic field tends to accelerate fluid flow in both the primary and secondary flow directions. This tendency of the magnetic field may be attributed to the movement of the magnetic lines of force along with the moving plate of the channel. 5. Suction retards fluid flow in the primary flow direction in the major part of the channel whereas injection has the reverse effect on it. Suction retards fluid flow in the secondary flow direction in the region 0 0.6 η ≤ < whereas injection accelerates fluid flow in the secondary flow direction throughout the channel. 6. Fluid flow in both the primary and secondary flow directions is accelerated due to the passage of time. 7. Hall current tends to enhance the primary shear stress at the moving plate. 8. Magnetic field tends to reduce the primary shear stress at the moving plate whereas it has the reverse effect on the secondary shear stress at the moving plate. 9. Suction tends to enhance primary shear stress at the moving plate whereas injection has the reverse effect on it. 10. Primary shear stress at the moving plate reduces with the passage of time at each time level. 11. Injection tends to reduce the secondary shear stress at the moving plate at each time level whereas suction tends to reduce it when 0.05 t ≤ . 12. Secondary shear stress at the moving plate increases with passage of time at each time level in case of suction. 
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